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The laser welding process is influenced by the plasma produced by laser irradiation. 

When the pressure of the metal vapour reaches 1 atm and the plasma temperature is 10-15 kK 
then the electron density is about 2÷3×1023 m-3. Under these conditions the absorption 
coefficient can reach several cm-1. This means that dense plasma over the keyhole can block 
the laser radiation within the path of a few millimetres. Knowledge of plasma parameters 
helps to control technological process. 

The emission spectra were registered during laser welding of magnesium alloy using of 
a CCD camera connected to a spectrograph of focal length 1.3 m. The entrance slit of the 
spectrograph was perpendicular to the metal surface, so that successive tracks of the detector 
recorded the radiation from the plasma slices situated at different distances (heights) from the 
metal surface. The space-averaged electron densities are determined from the Stark 
broadening of the 5528.41 Å Mg I spectral line and 4481.16 Å Mg II line. The Stark widths of 
magnesium lines are taken from [1-2]. It has been found that the plasma density reaches 
1×1023 m-3. 

Experimentally measured line broadening is obtained from the profiles of the spectral 
lines integrated along the line of sight (plasma diameter) and does not correspond to the 
maximum plasma density. Since the plasma is non-uniform, both the electron densities and 
temperatures obtained from spatially integrated line profiles are lower than their maximum 
values in the plasma centre. This effect is much stronger for the atomic line because its 
intensity reaches the maximum on the plasma periphery while the maximum intensity of the 
ionic line originates from the plasma centre. Therefore, the absorption of the laser beam 
evaluated from the space-averaged plasma parameters is underestimated. To find the 
maximum plasma density and temperature the radial temperature distribution in the plasma 
plume has to be reproduced. This has been done numerically by assuming a certain realistic 
radial temperature distribution and calculating the corresponding synthetic line profile, which, 
subsequently, is compared to the experimental one.  

It has been assumed that the radial temperature profile is either Gaussian or triangular, 
since they are close to the solution of the time-dependent heat transfer equation with a 
Gaussian source. Owing to relatively high electron density, Ne >1022 m-3, it can be assumed 
that a laser-induced plasma is in a state of local thermal equilibrium (LTE). The boundary 
temperature of 3 kK is assumed. The plasma diameter is 1.0÷2.0 mm depending on the 
distance from the surface. The profile of the spectral line Pλ is given by the Voigt function 
resulting from the convolution of a Gaussian (Doppler effect) and Lorenzian (Stark effect) 
profile. The synthetic line profiles are calculated for each plasma radius and added along the 
plasma diameter to get the total profiles. The maximum temperature is varied until the total 
synthetic profiles fit well the experimental ones and full widths of both profiles are the same.  
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